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FLIGHT TEST MEASUREMENT OF LANDING LOADS
ON THE A40-2 AIRPLANE

A Flight Test program was conducted under the direction of the
Douglas Aircraft Company at the Naval Air Test Center, Patuxent
River, Maryland to obialn landing gear loads and airplane
responses associated with field landings under controlled con-
ditions. A total of 209 landings was made by NATC pilots with
o Mo"Ie A40-2 airplane during the period from 9 September 1960
to 2 November 1960 to obtain 29 landings satisfying the desired
touchdown conditions. Landings were made at two values of sink
speed at each of two different approach speeds on two types
of runway surface, dry concrete and concrete coeted with ap-
proximately one-eighth inch of non-skid deck compound. Land-
ings were also completed at three sink speeds with external
fuel tanks installed on the wing pylons. Additional landings
were mode to obtain unsytmwetrical touchdown conditions and
others were made to run over a cross-deck pendant wil) the
tires bottomed.

Data are presented in this report In the form of tir-e-i;story
plots for 26 satisfactory landings, since calibration data
were found to be invalid for the early landings. The data
from the 26 landings were used by the Douglas Aircraft Company
to compare with predicted loads (analysis) and drop test
loads obtained with the identical instrumentation.

S0o2'I
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I NTR__OUC, TION _Ahk PJRPOSE

A program was establtshtd under Contract NOa(s) 59-6226c to rmeasure
airplane loads and responses during field landings under controlled
conditions and during drop tests simulating the field landings. The
results of the field landings and the drop tests were combined
with a dynamic analysis to provide a basis for evaluating the adequacy
of simulating loads In airplane and jig drop tests and the extent to
which those loads ,right he determined by dynetnic analysis. consistent
Instrumentealon was maintained wherever possible for the tests. The
Identical instrumentation was used In the majority of applications
for the field landings and the drop tests and one of the instrumented
main landing gear was one that had been used previously by NASA in
their forward velocity londing jig facility. This report presents
the results of the field landings performed to obtain the desired
touchdown cond I t ions.

The Model A40-2 airplane, BuNo 142039, was used for the flight test
program. Tne airplane was made available at HATC for Instrumentation
July I, 1960 and the flight tests were conducted during the period
from September 8 to November 2, 1960. The a'rplone remained under
the custody of NATC during the instrumentation period and during
the flight test program. Douglas Aircraft Company personnel in-
stalled the instrumentation and were responsible for tte airborne
data and the photoscope tracking data and for the technical as-
pects and direction of the flight test program. Maintenance and
flight operatlor,& of the airplane and operation of supporting
ground lnstrumentation were all handled by NATC personnel.

The airplane was Instrumented to measure the following parameters:

1. Main Landing G3e9r - Loft and Riaht

Vertical, Drag and Side Loads
Strut Position
Strut Velecity
Normal, Longitudinal and Lateral Acceleration of Lower Mass
Normal and Longitudinal Acceleration of Upper Mass
Strut Moetering Chamber Pressure
Strut Air Chamber Pressvre
Drag Brace Axial Load
Wheel Angular Position

2. Nose Landing qear

Strut Position
Normal Acceleration of Upper Mass

3. _jrplone Center of qr.vity

Normal Acceleration (High and Low Range)
Longitudinal Acceleration
Pitch and Roll Attftude
Rate of Roll
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INTRWUCTION AND PURPOSE (continued)

4. Left end Richt Wina Tip

Norms I Acceleration

5. Nose Eu ulwmnt eck

Normal Acceleration at Forward and Aft End of Rack
Norvl Acceleration of Aircraft Stru:ture at Forward
and Aft End of Rack

6. Left External Fuel Tank - I1O Gallon Tank at Wino Sta. 75.0

Normal end Lateral Acceleration at Tank Ste. 38.0
Longitudinal Acceleration at Center of Gravity, Tank Ste. 76.5
Normal and Lateral Acceleration at Tank Ste. 122.3

7. Richt External Fuel Tank - I1O Gillon Tank it Winoa Ste, 75.0

Normal and Lateral Acceleration at Tank Ste. 38.0

At the completion of the Flight Test program, the instrumentation was re-
moved from the airplane and used during the drop test program.

The purpose of the Flight Test program was to obtain date from the above
instrumentation during landings at specified conditions. The specific
conditions are given below;

Two symmetrical landings each condition on dry concrete and
repeated on non-skid surface with a gross weight of 13,250
lbs and the following conditions of horizontal and verticel
speed:

110 knots at 12 and 16 fps
125 knots at 12 and 16 fps

Two symmetrical landings each condition on dry concrete with
a gross weight of 14,250 lbs (150 gallon external tanks-full
JP-5-installed at Wing Ste. 75), end the following conditions
of herizontal and vertical speed:

110 knots at 12 and 16 fps
125 knots at 12 and 16 fps

During the program, these conditions were altered to a
horizontal speed of 135 knots at vertl•cl speeds of 8, 12
end 16 fps.

Three synletrical cable impact landings at a gross weight
of 13,250 lbs and vertical end horizontel speeds betwee
14-16 fps and 110-125 knots, respectively. Cable Impact
to be defined as running over a cress deck pendant wIth
the in gper tires fully deflected as a result of the
lending Impact.
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Six asylmtrical landings with 4 to 6 degrees of roIl with
gross weights bet~een 13,250 to 14,250 lbs, vertical speeds
between 12 and 16 fps end horizontal speeds between 110 and
125 knots. The number of landings required was reduced to
four during the program.

With the program adjustments noted above, a total of 29 specific

landings were required to meot the specified touchdown conditions.

The allowable tolerances for each condition were:

Gross we; ght + 500 lbs.
Vertical Speed + I fps
Horizontal Speed + 3 knots

The program was tsrmloted November 2, 1960, as reported In Reference
4, when the progran support personnel wer .- required for higher
priority shipboard projects. All objectives of the flight test
program hed been achieved at thet time except for the possibility
that the tires had not been completely bottomed at the time of
rolling over the arresting cable.

This report presents the date obtained during the Flight Test
Program. Date obta ined dur i ng the drop test program are presented
In Reference I. The comparison of theose flight test loads and the
drop test loads with the theoretical analysis Is presented in
Reference 2. The INSA test results are presented In Peflrence 5.
A description of the Instrumentation used for the flight test and
drop toot program is presented In Reference 5.



DOUGLAS AIRCRAFT COMPANY, INC.''], 3.0
DATE _ _ _ _ _ PAG -_

PRIEPAN9o 13, I- rri -Tydeuan ...... MooDL A40-2
TITLE ____________________MNT)~r• Vev3 6l

A Model A4D-2 airplane, BuNo 142089, was used to obtain the subject
data. Recording Instrumentation was carried in a modified 300
gallon tank on the centerline of the airplane. Photographs of the
externIl configuration of the airplane are shown on Pages 8.1.1
and 8.1.?.

Details of the instrumentation are given in the instrumentation
report, Reference 3.

Goodyear main gear tires were used for all landings to provide

consistent data. Those tires were the same type as those used
by NASA with main landing geer No. I1 on their forward velocity
jig drop tests.
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The data presented herein ware obtained by performing "touch and go
landings"; i.e., the airplane touched down and 3 to 5 seconds after
touchdown, power was appiied and the airplane became airborne. The
airplane was flown around the landing pattern and another touchdown
was made. These touch and go landlAgs were performed In series of
5 or 6 landings. The airplane was then refueled and another series
of landings was performed.

The landings were performed on Runway 9-27 at the Naval Air Test
Center, Patuxent River, Maryland. An aerial view of the landing
area showing the supporting ground Instrumentation is Included
on Page 8.1.3. The airplane was maintained and flown by Navy
personnel throughout the Flight Test progrom. Seven different
Navy pilots participated In the program.

The required gross weight was obtained by controlling the quantity
of Internal fuel. A variation of + 500 pounds from the desired
weight was an accepted tolerance. Eacn series of landings was
started 500 pounds above the desired weight and continued until
the weight As 500 poundf, less than the desired weight. Page
8.10.1 shows the actual weighing of airplane with all equipment
installed and zero f-Jel. Pages 8.10.2 through 8.10.6 show the
weight empty for each group of landings, the grouping determined
by changes to the basic weight of trie airplane. The fuel quantity
system'was calibrated prior to the lending program by adding a
measured quantity of fuel and reading the pilot's fuel quantity
gage. A plot of actual fuel vs indicated fuel, shown on Page
8.10.7 was used to correct Indicated fuel readings to actual
fuel in the airplane.

The landing approach was performed utilizing the mirror landing
system. The mirror angle was adjusted to give the desired
ve-tical sink speed for a given pre-selected horizontal speed.
The approach speed was selected, accounting for the wind direction
and velocity, to result in the desired horizontal speed.

The landings were performed on two types of surfaces, concrete and
non-skid surface. The surfaces wore laterally adjacent to each
other on the runway.

The left side of the runway remained In the "as Is" condition and
the right side was coated by Navy personnel with a standard non-
skid compound. A sketch of the landing area Is shown on Page
8.9.3. The grids painted on each landing surface were utilized
In an attempt to measure yawing and skidding velocity at touch-
down.

0 The asymmetric landings were performed to obtain data In a rolled
attitude landing condition. A nermel approach was made and ep-
lr xioaltoly 20 feet above the groewo, the desired roll angle was

shed 04 and held until grout,* contact.
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M (continued)

The cable Impact landings were landings during Which an attempt
was iade to run over a 1 -3/8 Inch cross deck pend•nt with the
m In Sew tireo flattemed as a result of the landing Impact.
An estilmte of the distance cevered to ebtain tire bottiomng
was used to establish the desired touch-down point prior to
the cross deck pendant. The croess deck pendant of the MK 5
arreetlng gear on Runway 27 was used for these landings. A
special pendent with a 1-3/8 inch cable Was fabricated for the
toests. The cable was supported on the normal spring steel
pendant supports approximately 4 Inches above the rummy.

For each lending, Initial acceptability was determined from
TRODI (Touchdown Rate of Descent Indicator) for aertical sink
speed, SODI (Speed Over Dock Indicator) for horizontal speed,
and ground observation for symmetry. Phatoscope camwra coverage
was obtained for all landings and was used to determine the
actual vertical and horizontal speeds for the satisfactory
landings. The oacllograph records were perused a soon as
evallable after the landings for operailcn cf all Irpertant
parameter trarnsducers, The primwary cetlod of determining
symmetry wus observation cf the osclllograph traces measuring
drag brace loads of the two main lending gear.

!
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RESULTS ANO UISCUSSION

Twenty-nine landings were selected from the total of 209 landings
as satisfying the specified conditions. Peg. 8.2.1 gives these
conditions and Indicates the landlngs satisfying each condition.
Subsequent to the flight test program calibration data were deter-
mined to be invalid to reduce the lending gear vertical and drag
loads for landings 8, 26, 49, 68, and 70. A discussion of this
discrepancy appears In the Instrumentation Reportp Referonce 3.

Landings 123 and 128 were substituted for those five landings on
dry concrete. Page 8.3.1 presents the Initial conditions for
each satisfactory landing.

The desired touchdown conditions were achieved satisfactorily for
all the various test configurations and conditions with the
possible exception of the cable Impact landings. These cable
Impact landings were to tK4 made so that the cross deck pendant
was run over with the main gear tires fully deflected as a result
of the landing impact. A total of 37 landings was made for the
purpose of obtaining the cable Impact data but Instrumentation
malfunctions invalidated all but 12 of the landings. Since It
was not possible to determine for sure whether the tires were
fully bottomed at the time of cable Impact for any of these 12
landings, additional cable impact landings would rave been
desirable. The flight test program was terminatedp as discussed
in Reference 4, hWeaver, before any additional landings could
be obtained.

Pages 8.4.1 through 8.4.84 present the data in engineering
units in the form of time-history plots for the 26 landings,
These dmta are presented for those landings that satisfied
the required initial conditions. The landing gear vertical
and drag loads are plotted as strain gege reedings reduced to
pounds force perpendicular and perallel to the Strut centerline.

Pages 8.5.1 through 8.5.13 are time-histories of the landing

gear greund reactions for the symaetrical landings of the dry con-
crete end the non-skid surface. These 9round reactlons, per-

pendIcular and parallel to the ground, were obtained from strut

loads with application of an Inertia correctien for the gear
lewr mass. The coefficlnt of friction was computed from
the ratie of drag to vertical ground leeds end is presented on
these plots.

The osclllograph readings were reduced to strut leods by ap-

plicatlon of the following equatlens:

Vertical Load - (42,50 + 90.0 S) S/6 V + (100.0 + 95.0 S) 9Ia D

Dra Load as (-670 + 110.0 S) Al V + (47. -o. ) /
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RESLELTS AND DISCUSSQIN (continued)

Rlaht Gear

Vertical Load a (55495 - 425.4 S) 9/, V + (450 + 1103.9 S) 61

* Drag Load a(.2869.9 + 32.a S) V + (M55.8 + 30.8 S) 6/ D

Where S a strut position of the respective lending gear,
i nches compressed

Channel trace deflectlon minus trace deflection for
zero load.

0 a (ll ibration pip height obtained from response of channel
to a known voltage.

Subscript V = Response of vertical channel

Subscript 0 a Response of drag channel

The strut loads were reduced to ground leads by appl Ication of the
follewing equations:

FVG - (FA + FAA) cos(Q - 6 Dog) - (FN + FAN)SIn(B -6 Deg)

FNG - (F1 + FAN) cos(O - 6 Dog) + (FA + FAA)Sln(9 - 6 Dug)

Where FVG - Vertical ground load, lbs.
C

FA -Vertical strut lead, lbs.

FA - Inertia force parallel to strut ceatnterline, positive
a down, lbs.

FHG a Horizontal ground load, positive aft, lbs.

FN - Drag lfod (normal to strut) positive aftp lbs.

FAN Inertia force normal to strut, positive ferward

- Pitch attitude, degrees

6 Deg u Angle of strut with airplane vertical ax•s

Calibration information was not available to obtain sle loads as ex-
plalned In Reference 3. The readings were reduced to 60& and platted.

t All remalning variables were reduced to engineering units by epplication
of a calibration constant. This Infermation Is preeented In Reference 3.
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RESULTS A8W DISCUSSION (continued)

The oscillograph traces were read on a Telereader which magnifies
the record to double size. The date were read In 0.001 seccrd in-
crements with time zero defined as the timne of Initial ground contact.
The reader produced 827 counts per Inch and the value in counts was
punched on date cards for use in an IBE 7090 computer program. The
output of the computer program was an output tape, a prInt-out, and
punched cards. The output tape was -ade available to the analysis
group and the data were used as a corparlson with theory. Results of
the comparisons are presented in Reference 2. The punched cards were
used to plot the time-histories presented in this report. A Moseley
X-Y plotter was utilized for plotting. Time Intervals of plotting
were 0.001 seconds.

The oscillograph trace of wheel position appeared with a blip every
10 degrees of wheel travel. Wheel posliion was plotted versus time.
The slope of this plot gives the arniular velocity at a given time.
The values for velocity in radians per second are plotted versus
time and these plots ore included as Pages 8.7.1 through 8.7.18.
This method of obtaining wheel spin-up Is subject to error although
the spin-up trend and final wheel speed are considered reasonably
accurate.

Page 8.3.1 presents the Initial conditions for each of the satis-
factckry landings. Runway angle was determined by physically measur-
ing the angle at the point of touchdown. A general survey of the
lending area was made previous to the landings; imoever, the survey
did not account for irregularities In the runway surface such as tar
expansion joints. The survey date are included on Pages 8.9.1 through
8.9.4 for Information. The wing lift values presented on Page 8.3.1
were computed from the oscl!'ograph traces of longitudinal and normal
acceleration perpendicular rnd parallel to the fuselage reference line
near the airplane center of gravity. The data were resolved perpen-
dicular to the runway surface and presented as wing lift. Sink speeds
and horizontal speeds were obtained from the photoscope camera. The
photoscope camera is a 35MM space-positIoning camera running at a
precise frame rate. A detailed description of the camera is given In
the Instrumentation Report, Reference 3. The geometric relationships
between the airplane flight path, the horizontai plane, the runway,
and the photoscope camera are shown on Pa"es 8.8.60 and 8.8.61. The air-
plane vertical and norizontal distances from the reference planes were
calculated using the azimuth and elevat•on angles from the film records
of the photoscope camera tracking each landing.

Several individuals read the 35W4 photoscope cemser film and folIl*ed
the prescribed procedure to obtain vertical and horizontal diStances
as a function of time. Each person plotted these data and faired a
line through the points with the slope of the line representing the
speed. These values are presented on Page 8.8.1. The worksheets from
which the values were obtained are Included on Fages 8.8.2 through
8.8.59.
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RESULTS AND DISCUSSION (continued)

The finreI velue of vertical end horizontal Ispeed Is the arIthmetic
average of the values obtained by the various individuals. The
r,'aN•ii, standard deviation of the average horizontal speed was 0.67
fps and the average standard deviation of the horizontal speed was
0.29 fps. The maxlnu' standard deviation of the average vertical
speed wasi C.48 fps and the average standard deviation of the vertical
speed was 0.14 fps.

The horizontal speed of the airplane was eOsily obtained since the
speed was constant resulting in a straight line fit of the data. The
verlical speed of the airplane was ,nor, difficult to obtain because
the vertical speed was not constant durinc the latter portion of
the descent. An attempt was made to obtain the vertical speed of
the airplane by fitting a pflynorTial curve to the data. The results
obtained in tt;is manner were questionable as indicated by the large
deviations (+ I ft./sec.) resulting from varying several arbitrary
or undefined factors; nmaely, (I) tne nur'ber of data points included
in determiiring the equation; (2) lIe degree of the equation selected
to fit the data; and (3), the time of touchdown. Item (I) Is an
arbitrary decision as to whether to consider the last 5-6 feet of
deocent or the last 20 feet of descent; Itoe;;, (2) is also an arbitrary
decision chosen by examination; and (3), the tiiae of touchdown could
not b,3 precisely deoIred.

Tne final procedure used to Obtain vertical speed was a straight line
fairing through the poirts rep-usenting the lasl 6-8 feut of descent.
Tis method perritted wigriting Ihe individual points dad eliminating
the questiondble points. Chis method is also n•t as dependent on an
exact time of touchdown zs a polynomial curve fit.

The photoscope data rosulted In vertical and horizontal speeds per-
pendicular and parallel to a .*orizonta; plane. The speeds ware re-
solved perpendicular and parallel to the runway, as Indicated on
Page 8.8.61, and are tabulated with the other Initial, or touchdown,
conditions on Page 8.3.1.

Pages 8.6.1 through 8.6.13 present observed field data for all landings.
The wind direction quoted on these pages is the true cOMpaSS heading
tronm which the wind originated. Wheel touchdown points were determined
by observing tire skid marks after each landing. TROOI readings were
corrected for calibration error when ovaileble.

Landing gear strut and tire pressure Information are included on
Pages 8.11.1 and 8.11.2.
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RESULTS AND DISCUSSION (continued)

The pressures were read prior to operations each day and the values
recorded on Pages 8.11.1 and 8.11.2 are the pressures that existed
at this time. In most instances, the pressure level was then
es t ablished at the required value. The required pressures in pounds
per square inch are as follows:

Nose gear tire 250
Nose gear strut 210 0 full extension
Wain gear tire 320
MIan gear strut 25 @ full extension

All pressures for the satisfactory landings were -le required value.
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COK LLIS IONS

The flight test phase of the Landing Loads Investigation was
completed satisfactorily. From a total of 209 landings per-
formed at NAT3 with an A40-2 airplane, 29 landings were ob-
tained which satisfied the Initial, or toucndown conditions.
Calibration d4ta for the main landing gear were subsequently
determined to Ie invalid for some of the Initial landings
and date could be presented for only 26 satisfactory landings.
All of the objectives of the flight test progrm were achieved
satisfactorily with the possible exception that the cable im- 0
pact landings may not have resulted in complete tire bottoming
at the time of running over the cross deck pendant.
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soma " , 0 S 'ADOUGLAS AIRCRAFT COMPANY. INC. PAGI
PAIP PREFYAF D BY -

CNECKID BY _ __MOOL L:

TITLE,, IATION as pTHome:,

* V
$1A

I

00
t.4

wz o_j

j =

i /io o

J 7



PREPARED Ill DOUGLAS AIRCRAFT COMPANY, INC. PAGE,

CHICLED BY LANtDING-.LbADS. lN-F T G'TIT t PI REPORT Wai V-36

0 ~O

,Wzz

~cw

ew LaJ-

0jz4

Orw~

I w ia[7"



PREPARED BY DOUGLAS AIRCRAFT COMPANY. INC. Pr

CHECKED BY DIVISIONMOE

TITLE - -REPORT NO. DZV:!6t6
44T

aww (D

MIX ~ ( z t-
440 4

00 z w

zz3-

_4

4 w

x 0)j W .0

0

000~00

ulb

Wp

:rtSt



", .... ";L k AZ4D 2
[-$I 9 F ,.. t

LANDING LOADS 1lVK:;TIGATIOfl
AID-2 lino l142089

CONDITIONS REWJIRED FOR WACCTPTABILITY OF LAJID17MS

"'Iwo landir,:s e(ch condition

ConditIon Condition LAndings•-~~ ......... Letter Satisfying,
,rov Weight. Roll a Landing

Ms1. ±_-00 I 1)t Kto (-3 F (±1) 'Surface ronditions

1325i* I yes ( 0 110 12 Concrete A. l126
13250 yes 125 12 Concrete' P -5,3250,ye. crate

3 2 110 eII 1C25
13250 yes o 125 16 C oncrete D
13250 yes o 110 12 i 'Ion-sktd E 1 1

120ys 1 0 125 12 33ý d

1325 yes i 110 1,) Non-skid - I1,14 1_17

13250. yes I 0 125 1~ 1Non-skid 1193 95 _

m '2•. , e) •-t-•135). 28 :Concrete. I- 146 151

14250 yes 0 O a- I35) 12 Concrete
| U250 ,teyes r +1-@(1 3 5) 16 Concrete _ . . .

4) 12.5 . .... ...- B o t.

P Four &9(6 Unsymme~trical Landings... .. ....... -_.. . . .. ......_ ' [1 ý°
• - "- no 6-i '110-125 i'-16 Optional I

* e str neP.tation Store, No External FNel Tanks
U* Instriumntation Store, Two(2) 150 "Allon External Taiks-Aull J-5

Vh H1orizontal Speed in rKots

V5 Sink Speed in Feet/Second

* Altered and delsted at the discretion of the cognizant BuWeps Engineer.

0 Landings not used due to lock of calibration data.

Landings 123 and 128 substituted for these landings.

: •" ......... ' ............................................... •?$." i". . "



.. .INIT
-- ANAP

GROSS CENTER PITCH ROLL ROLL RUNWAY FLIGHT WING
WEIGHT OF ATTITUDE ATTITUIDE RATE ANGLE PATH LIFT

GRAVITY _Sill

LANDING L-_ S 1TA LEGA Dr __ DEL/sEC mE T
NUMBER P-I.;-VNEPLIONE - i FI.L FPl FRI ajorl: T R I' I4AY HOR

8 13516 234.5 2.O 10.5 0.36 1VD 0.33 R O.4 B 2.9 1.10 11.0

26 13186 !233.6 23.3 10.8 NO DATA 0.30 L 0.5 3.2 1.09 1i.4

4,9 12776 1232.7 22.6 15.5 :30 DATA 0.31 L 0.4 3o• 1.07 11.0

68 13226 ;233.723.4 6.0 NO AI0 A L 003 5 4.1 1.10 15.7
70 12876 !232l9 22.8 6.8 a 0 DAmA z.49 4.0.3..9 14.6

121 ! 1?876 j23.9 8 13.2 '10 DATA 0.89 R 0.2 4.0 .10 12.5
123 13735 235. 2,2.6 8.5 : NO DATA 0.02 R 0.4 3.2 1.10 10.7

125 13446 1234.3 23.8 9.8 'i0 DA TA 1.02 R 0.3 4.2 1.07 13.9

126 13276 233.9 23.5 9.8 NO DATA NO DATA 0.5 4.7 I.O6 15.5

128 12775 232.7 22.6 10.5 ATA 0.00 .. 2 1.00 13.
93 13600 235. 5 8.u 0.56 Rwr. 2.12 L o.0• 1. 15.3
95 13270 '234.323.8c 7.0 0.46 FWD 0.24 L 0.5 3.9 1.04 14.7

113 12870 233.3 23.1 9.2 2.72 LWI 1.90 L o.4 3.6 0.97 11.9
I4 13.5 1.41 LWD 3.22 R 0.5 3.9 1-

117 13080 ý233.)123.5 J 11.0 I1.79 LwI) 5.90 L, 0.5 4.9 1.14 15.8

120 13080 i233.9123.5 1 11.0 NO DATA 1.77 R 0.5 _3.5 10. L_8 12.0

131 12 234.6 z4. 9.0 1 .39 W•Il 1.53 R 0.4 3.2 1. 12.0

.13 122•1 2.6,23.3 8.0 0.72 RWL 1.8 R O. 3.3 1.06 12.5

146 13955 1234. __.2_ 11.0 1.93 WD 2.19 L o.4 2.4 1.09 9.4

150 14135 iP33.6 23.3 8.9 2.15 3 o.43 0.4 3.4 1.o4 12.0

151 13895 1235.0 244 9.9 1.52 RWD L 2.5 1.07 10.1

'152 1 _ 985_ 233"3 23.1 8.3 0.22 RD 1.83 L 0.3 i.2 1.09 .i.
153 .14155 232.2 22.3 9.3 .0.1 35 __ _ 13__9

155 14195 1233. ,23.1 8.9 0.38 LWD 3.17 L 0.3 3.8 1.10 1'.8

179 13775 !235.0 z4.4 11.4 I 1.35 RWD 0.09 L NO DATA NO DATA L.05 !NO DATA

!88 13285 233.9 23.6 10.0 0.42 RWIW 0.18 L NO DATA '0 DATA l.o NO DkTA

12785 U233.7 42.6lI 0.00 210 DATA 1O DATA 1.12 b0DT

2467 234.7 24.2 53.3 RWD 1.7, R 0.3 3.5 1.14 12.7
168 13535 234.5 24.0 13.5 7.30 FW 4.10 - 0.3 2.7 1.08 10.0

170 13195 233.6 23.3 12.9 i0.10 RWD 4.76 L 0.5 3.2 1.07 12.T

171 12985 233.2 23.0 9.8 8.80 RWD 2.16 R 0.3 3.1 1.01 11.7

* PH ['OSCOPE DATA NOT AVAI ,- VALUES 'TIMATED FR( M TFODI, SOE 1. AND MITC1 ELL CAMERA .TA.

I mww _ A



"DOUGLAS AIRCRAFT COMPANY, INC.,..E.... ... 8.3.1

TESTING '
A)+D.2

INITIAL CONDITIONS FOR SAT1SFACTORY LANDINGS . DEV-3616

L J RUNWAY FLIGHT WING PHOTO6COPE CAMERA DATAhI f
ANGLE PATH LIFT __ _

SIll• SCPM BORIZONTAL SPEED RUNWAY"-TI
SEC G IS MIPS P FPS FPS KT3 SUhRACE TIME H18r0HI

L OIZ :TORIL I/,','WAY HORIL TjI',%'Ay HORIZ RjNWAY TAUN"VAY O 'I ON PAUE NUMtIk.

3 R o.4B 2.9 1.10 .0 .7 216.0 215.9 H127.=9 CONCRETE

0 L 0.5 3.2 1.09 11.14: 13.4 206.9 zo6.6 122.4
1 L 0.4 3.4 1.07 1I .C 12.3 185.0 184.3 109.5 "

0.5 4.1 1.0 15.7 ! 1 7 .5 217.9 217.6 i128.9 "_ _ A
S0.3 .O_ 1.09 14.6 _15.9 2U.0 0.6 124. " ....

__ _ _ _ _ __ _ _ 11 _ 192. 4 __ _ _ _, 1 . ...... __ __ __
1.1 I 15..97.1 ±O.1" 8.14.1 To 8.14.3

0.2 4.0 1.10 12.5, 13.2 179.2 179.1 8..... T843

S 0.4 3 1.2 .O 0.7 12.0 192. 192 01 ... 9" 4.7o .

2 R 0.3 4.z 1 .07 13.9 15.0 191.0 190.6 112.9 " 8.4.4 To 8.4.6

DATA 0.5 4.7 ti.o6 15.5 17.0 137.0 136.7 1._10".6 18.4.7 11 8.4.9

0 , 0.4 r4.2 1.00 13.4 114.7 183.8 183.3 08.8

2 L 0.4 4.40 1.114 15.3 16.1 221.14 221.3 131.1 30Oi-SKID
""L .5 3.9 1.014 14.7 16.6 Z17.3 217.2 128.7 8.4,13

-- -111 ~.4.15
D L 0.14 3.6__ 0.97 .9 13.2 191.1 I191.0 ~113.2j 11

0.5 3.9 __1_7. _ _ _ _ O 4
_____ ____ ,____ .. . ..- -4--- -. .. ..---- -- -+--- ,,8 " "='

0 L 4 .9 1.14 i 15.8 117.14 186.0 185.) 110.1

' 0.5 3.5 1.O8 12.0 13.6 187.0 186.9 110.7 I _____7

tIf0 -- l~3.4 3.2 .0 12.0 13.5 z16.0 215.9_ 127.93 H' 0.14 •' 1.ovu;,.- -a- - ,. "

R 0. "3.3 1.o6 12.o 14.0 217.0 o 21•6.9q 128.5 0 .1 1 I

, L o.4 3.14 1.091 2.1 11.0 225.3 1 225 133.3 2
5 L ~~ ~~ 12 0260 j 25.9 1337 TV5I

32.5 1.07__10.1 11 1 1 .... 4.. M

3 L 0.3 1.091 16.9 18.1 230.3 230.2 136.3

L 0.1 3. 1 1.06 r 13 9  14.3 227.0 227.0 134.4

T L 0.3 3.8 1.10 14.8 12.0 2 .5 5 133. -it A -S71

NOL OA DM NO DATA L.05 1NO DATA 18.0* NO DATA NO DATA 128.O* CAB8.4ACT /_

31.. NO IATA No DnA A c) .o ~'A 15.0* NO DT NODATA 12.*' .- t-
.. . 8.4.6

N0 DATA NO DATA 12O ,,T0 16.0* NO DATA NO DATA 129.0* - IV1:40 DATA oT 1.12 IN0 raA 86o, I• aA • aA 190 . .4•:..66

0.3 3.5 7 12090 208.9 123.7 A8YIMtTRIC 14.66
~0.3 3. 1.1.4 127 1.83.__ __

.7 1 0.1~.08 10.0 11.1~ 209.5 12'470t .0 2

L 0.5 3.2 1.07 1. 1.3 -. 7

" 0.3 3.1 1.01 11.7 12.8 217.5 217 .1 IZ8.7 8.6_

I, SOrl . '.-ND CA TC W 0A D ATA.
_ __ _ __ _.._. _ _._..-.t w,-7['7mj;II
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- , , ..... - 7- • ,~Report No00'&V- •/b

t' AIRCRAFT ACTUAL WEIGHT AND HORIZONTAL BALANCE

"Contract No. ,Oov't. No. ,Fact. No. ,Art. No.

GAiE POSITIUN NC. ) AD• TARE EI 19 SMO NET WEIGHT• .. N.... READING......1 R . ..... I

-Main Wheel$ 94/ / 0 WL- 90oO

*a. /Wheel _____ / o T

TOTAL WEIGHT t___ 3 _,_W,

a .203.4 __- MAC4/291  IRE?. (JIG) POINT

_1 ... .... a- PLAN -
-;_-___ (We When TailNrS - Daw Po.8 onRq. k CAE-

SSCALE (&j) ----'- ition Req.JG • -,- (Use Sur-

SI (,AL÷ UR) FLooR I• •j ,eyor's
FOTRWAR:DTU MT["- • mt= • • •/2 -4 .... ....---- ' - ,• evel )

CENTER OF GRA-VITY TO FORWARD DATUM (HORIZT. DIST. - AS WEIGHED)

Tail Wheel Type: r~, = InW
NChTy '.~a t-TED RIEL..

T H-PDIST(EIn.

ITFY.S ADDED & SUBTRACTEDIWZIGHT(Lbs.•) CND. DTUMO (IMNT GUAR.AN____DNOSE. bATUown Poe-L8.

P1uR" - ,See Pages -- ______ ____MiAuM - See Pages -- ________

CENTY OT WEIGHTGOICS WEIGHT GR

I3L1cb .. nH-sI.J-s . 2,/•,:•' T,/,?% t.~ o M..A.C.
(Corrected) _- .A• -- M..A ".C•;.Acrfel. a n w andb'. Sec. II, Part II,(Arny)or SR-7(N1vy)
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203.4/129.6.
DOUGLAS AIRCRAFT COMPANY, INC.

,",, DIVISION MOOAL 0

AIRPLARI lOADING BuNo. 142089 ,-_ -,.D•rV-,, Ito
ii- -

DESCRIPTION WEIGHT EMPTY: NO FUEL wKo'k H-St4,a H-4CI/1000

BASIC WEIGHr 10481 244.8 2565.7

Pilot & Chute (Incle Ft Gear) 210 109.0 22.9

ftgine Oil - 4 gal.. (Inc" cooler o01)

BALLAT__

LESS COMPASS CONTROL -9.5 15.0 -0.1

GROSS WEIoiT (No Fuel) 0.0 J% MAC GM DO 10681 242.3 2568.5

L1g Gear Marn Change (Da to Up) -2o,8

GROSS '6,SIGHT (No Fuel) %. MAC GRAR UP

FUEL lbs./gal

Na. Tank gals.

Wing Tank

External Kals.

GROSS WEIGHT (ENG. START) .J MAC GEAR UP

LANDINGS: I through 23



203.4/129.6

I .... fDOUGLAS AIRCRAFT COMPANY, INC. FAGI

- DIVISION MODEL - -

A.H.LANI WOADING BuNo. 142089 -.- D4*v.36/(

DESCRIFPTION Weight Empty WEIGH? R-Sta H-M4IWAOO0

BASIC ,•-1GHT • 10481 244.8 2565.7

Pilot & Chute (Incel FIt Gear) 210 109.0 22.9

& Oil - 4 gals. (lci, cooler oil)

BALLA,,,rT

LESS COMPASS CONTROL X9.5 15.0 -0.1

LESS POWER SUPPLIES -;3.0 281.5 -6.5

ADO BATTERY PACK 33.25 281.5 9.4

(;R055 WEIGHT (No Fuel) 30 -1 MAC CRAR DO 10691 242.4 2591.4

IA Gear Mam Change (Dn to Up) -20.8

GROrS WEIGHT (No Fuel) % MAC GEAR UP

FUEL ,_,_lbe./gaJ

Nau. Tank gals.

Wing Tank gals.

External gals.

GlRSS WEIGHT (EKG. START) ,. KA (BAR UM

LANDINGS: 24 through 137



203.4/129.6

"" ...... DOUGLAS AIRCRAFT COMPANY, INC. PAE

DIVISION M ODEL
STI

AIRPLANE LOADING Bulo. 142089 oe-

DESCIF'rION WE IGHT EMPTY WZIGHT H-Wt.a X.-M(/lO00

BASIC '1EIGHT 10481 244. 8 2565.7

Pilot & Chute (Inale FIt Gear) 210 109.0 22.9

Mmgirw Oil - 4 gIls. (lucia cooler oil)

BALLA.gT_

LESS POWER SUPPLIES -23.0 281.5 -6.5

ADD BATTERY PACK 33.25 281.5 9.4

ADD EMPTY I50 GAL. TANKS AND ACCEL. 280.0 246.7 69.1

ADO 300 GAL. JP-5 at 6.7 #/gel 2010.0 236.7 475.8

GROS3 WEIGHT (No Fuel) 29.3. MAC GIAR DO 12991 241.4 3136.4

LAg G.ar Morn Chan (On to Up) -2o.8

GROSS 'WEIGHT (No Fuei) % MAC GEAR UP

FUEL _lbe./gal

Pus. Tank - ale.

Wing Tank gals.

External gals.

GROSS WEIGHT (ENG. START) MAC (MAR UP

LAND I NGS1 138 through 16



203.4/129.6
'.2::'> •': ,..,, p,,. fOUGLAS AIRCRAFT COMPANY, INC. _

PA i -. ,

,4' II, DIVI5ION MOOtL I

*...AIR:LANI LWADING BuNo. 142089 . .DeV--464

DE;'RITION WEIGHT EMPTY WEIGHH-TM(4/1000

BASIC WEIGHT 10481 24.8 2565.7

Pilot & Cht.e (Inaol Fit Gear) 210 109.0 22.9

Ui Oil - 4 gal.. (Imnc cooler oil)

BALLA.__ _ _

LESS POWER SUPPLIES -23.0 28!.5 -6.5

ADO BATTERY PACK 33.25 281.5 8.4

ADO EMPTY 300 GAL TANKS AND ACCEL. 280.0 246.7 69.1

GROS3 W,,E7IGHT (No l'uel) 28.3 % MAC GEAR DI 10981 240.1 26,36.7

lg Gear Ma Change (Dn to Up) -20,8

GROSS 4,IGHT (No Fuel ) % MAC GARU

FUEL ,_lbe./gal

?us. Tank xals.

Wing Tank gals.

External gale.

G*)55 WEIGHT (ENG. :33TART) _ MAC GEAR U -

LANDINGS: 157 through 160



20.4/129.6

S0.JGLAS AIRCRAFT COMPANY, INC. PA •, .

--.. . DIVISION MODEL

.IJRPIA LOADING BuNo. 142089 ,,

DESCRIPTIOW lEIGHT EMPTY WIIOlT m..,• H1-.I(CN/1O000

BASIC WEIGHT 10481 244.8 2565.7

Pilot & Chute (Inels ?lt Go&;) 210 109.0 22.9

Enin Oil - 4 gall. (luci. cooler .11)

BALLA.-.T

LESS POWER SUPPLIES -23.0 281.5 -6.5

ADO BATTERY PACK 33.25 281.5 8.4

GROS,' WEIGHT (No Fuel)_ 29. 9 %MAC GEAR DO 10701 221 29.

LAg Gear Mm Change (Da to Up) 2-20.8

GROSS W7EIGH? (No Fuel) %.... MAC GIAR U

FUEL ___ __lbs./gal

fts. Tank'gls

Wing Tank ls

Exterral ___ale.

GROSSWEIGHT (SNG. sTrART) ... , AC GEAR UP -

LANDINGS: 161 through 209

i .
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PC,*, soa fEPRU -___- DOUGLAS AIRCKAFI COMPANY, INC. PG

CHECKED BY _-DI--.0 MODE: A
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NO am)-si AROB DOUGLAS AIRCRAFT COMPANY, INC. PGE

C H K C:K It 0 - - - ______1 r& DIVISIO N MOD S L - 4 0 2
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